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VARIATIONS IN THE SUPERCONDUCTIVE PROFERTIES OF TANTALUM AB IT BE-" 7/~ T
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As shown in our laboratory (1), tentalum's superconductive -
properties depend upon 1its previous history. Varioue lattlce distor-
tlons due to absorbed gases and deformations cause extreme variations
in transition temperature (Tk) and change the slope of the curve of
critical fleld (Hy) versus temperature; the true critical parameters
‘ of superconductive tantalum, therefore, can be obtained only from de-
gassed ntreu)&u;pecimens. In his report, Webber (2) came to the

same conclusion, pointing out, however, that the gas content in tan-

talum was not the main factor causing different superconductive prop-

erties.
Our later studies were conducted to clarify separately the in- \
fluence of absorbed gases end deformetions, The first experiments on i

hydrogen-saturated tantalum (by electrolysis) demonstrated very sharp
changes in superconductive properties of the specimen in proportion
to its saturation with hydrogen. This report contains the results of B
these experiments.
For the study, tantalum was teken in the form of & wire 0.15 mm
in diameter with residusl resistance of Ru.2/329o = 0.2, The specimen f
studied, vhich was firmly fastened in a special shenk, was the cathode A %
in an electrolytic bath with distilled slightly<alkaline water. The
cryostat unit permitted the specimen, after electrolysis, to be cooled
to the temperature of liquid helium in less than two minutes. .
Such a method of measurement was dictated not only by a desire to
avold possible liberation of hydrogen from the specimen before elec-
trolysis ended, but also by the necessity for making the greatest pos-

sible number of consecutive measurements as the specimen betame saturated
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with hydrogen. As it proved later, the specimen eaturated with hydrogen

A

actually changed ite properties only slightly when left in the open at
room temperature for a prolonged period (24-48 hours).

Although it retains ite metallic g‘;;:?u:ge tantalum saturated with - .
hydrogen becomes hié}y brittle and increases considerably in volume
(elongated by several percenth (3171‘L"’ '

The temperature and magnetic curves of nuparconductln:Jthnuitionu
were measured, The curves of resistance versus temperature for various
saturations with hydrogen are shown in Figure 1. The resistance of the
specimens 1s relative to the original resistance of the specimen at h,g0
K. The curves were numbered in order of lncreasing saturation. This
numbering is retained in all figures. In proportion to the degree of
saturation by hydrogen, the interval rqu&ed for the super-conductiv‘&f
transition increased continuously towards lower temperatures, until
finally the specimen had lost lts superconductive properties, (at
any rate, it was not superconducting down to 1.850 K). At the same

S5 \ "ml'".fll-..“..".",\?f."_'if_'()

time, the point where the superconductivq transition began stil;(f"
slight drop in resistance was observed at the transition temperature of
the original tantaluﬁ%uyfven for a sample saturated with hydrogen)until i
superconducivity diseppeared. The resldual resistance of the most
saturated specimen increased more than three iil:L in comparison with
that of the original tantelum. For comparison, in the same figure there
is shown a curve (dotted) of transition for a tantalum specimen which
was annealed in & poor vacuwn under conditions in which nitrogen and
oxygen were absorgbed by the tantalum (l). For convenience of observa-

reduced +o one-tenth *n |

tion, the size of this curve has been éiminishod=do~ilmesrtn compar
;gh the r&*ﬁb‘;g curves,

Figure 2 shows in the case of one specimen)the part of the transi- !
tion curves for the breakdown of superconductivity by & longltudinal r
magnetic field for various saturations with hydrogen., Here, as in the

curves of temperature transition, attention is drawn to the transition
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and ite the unusual elongation Yhich ocsupiu!”%“npeoc of hundreds of :
4
ng
gaueses and which continually Wthe metal 18 eaturated with a
-

hydrogen.,
Tk and Hy become difficult to determine ae a consequence of the
extreme expansion of Loth the temperature and the magnetic transitions,
The generally-accupted definition of these quantities as the tempera-
ture and field at which reeistance Lecomes equal to one-half the residual
resistance (which 1s possibly still applicable to a certain degree for
narrow transition iutervalé becomes qulte unsuitable in this case, This
is clearly seen from Figures 1 and 2, As In Figure l, the cyrves ln A)n.& ""ﬁ

Fisure 2 are stretched out Wﬁe&-&?lsatumtion, nd’hore ovards iy,
*ﬁlow&‘ rr’mu. Consequently, the critical fields, determined accord=-
ing to the point where R/Rh 2 =0, 5,"£;’g;aplaced toward the lower values,
Therefore, the curves of critical field versus temperature for tantalum
saturated with hydrogen 1£rtﬁsplaced toward still lower temperatures |
(Figure 3), de/dT increasing meanwhile, If Hy is determined from other
points of the transition curves, then a comparison of Figure 2 and 3
shows that other velues would be obtained for de/dT. If this deter-
mination is mede from the part of the tramsition curve where the res-
istance is close to the full value, then, as seen from Figure 3, the
graph of Hk versus temperature would be practically independent of the
degree of saturation; points for all saturations lie on the curve of
the original tantalum,

The changes in superconducting properties of tantalum saturated
with hydrogen can be linked with the amount of hydrogen. In the mea-
surements conducted, this amount was difficult to determine. A cer-

tain quantitative representation of this,ﬂp-endeney can be obtained by

determining the quantity of hydrogen pree :‘bn‘the specimen dur-
ing electrolysis, The curve of Figure 4 shows the dependence of the

width of the temperature interval of the transition upon this amount
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of hydrogen, The latter depends strongly upen the state of the speci-

13
k
i
E

men as wae shown by an experiment. A specimen saturated with hydrogen

oo, AR O S

until disappearance of superconductivity and then annealed by a current

o

in & high vacuum at 1700° for 10 hours completely regailne 1is supercon-
ducting properties. If thie epecimen is agaln subjected to saturatlon
with hydrogen, then i1ts superconductivity will disappear for a much
smaller quantlity of hydrogen precipitated on the specimen; only ap-
proximetely 5.10-3 milligrams are necessary, instead of approximately
3&0.10‘3 mllligrams for the seme specimen before anneallng.

The operations of saturation and annealing lead to reversible
results and can be repeated many times. It is interesting to note
that a specimen saturated with hydrogen to a certain intermediate
state (not up to complete disappearance of superconductivity), when
located for a prolunged period of time in air at room temperature,
partially regains its in initial properties; i, e., its resistance
decreases and Ty is increased. Finally, our studies on the influence
of electrolytic saturation with hydrogen on niobiwm should be mentioned.
Niobium was used for superconducting electrodes in our experiments. The
experinents demonstrated that the superconductivity of niobium at 4,20 K
was retained during prolonged (many hours) saturation with hydrogen.

2. It is known (3), that tantalum absorbs & very é;:;sfﬁuantity
of gaseous hydrogen., At the same time M. Andrews for exemple stressed
the absence of signs of formetion of compounds up to the very high con-
centrations obtained. On the other hand, Hagg, making an X-ray study
of tantalum saturated with hydrogen, established that during this pro-
cess three homogeneous phases form in succession. These phases have
different lattices, all of which however are close to the orglnal lat-
tice of tantalum (volume-centered cube, & = 3,298)., The tantalum lat-

LaAoana vV A aR ol et v Wﬁi%)
tice staya—as-qxg%pc&ix/?or saturations up to 12 atomlic % hydrogen, and
only its parameter is increased by 1.7%.
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i A 8tudy of the Superconductive propertiee of metals under alle
¢ m iy
¥ #4d6d compressio owed that in tentalum a change in the lattice

& il .

g berameter by approximetely 0.024% (corresponding to a pressure of
1370 kg/cm?) lowered Ty by approximately 0,0069(5), Therefore, if
saturation with hydrogen only mechanically extended the tantalum lat-
tice, we should expect e substantial increase in Tk; for example, ap-
proximetely by 0,40 for 12 atomic % hydrogen.

However, quite the reverse phenomena takes place, which tegti-
fies to the fact that hydrogen not only expands the lattice, but also
actually changes the electron distribution in the metal; i.e., we may
speak of the formation of an alloy or compound, The yhase which forms
has properties which are quite different from the broperties of the
usual superconductive alloys and compounds. Actually, as tantelum be-
comes saturated with hydrogen, the curves become more and more elong-
ated towards weak megnetic fields (Figure 2) or towards low tempers-
tures (Figure 1),

This can be considered &8 a gradual reduction in temperature of
Superconductivity during saturation with hydrogen up to that satura-
tion at which Superconductivity is lost entirely., Such behavior can
be explained more easily by the formetion of an unbroken series of
alloys with hydrogen than by the formation of definite compounds,

In order to emphasize the reculiarities of the behavior of the
system tantelum-hydrogen, obtained in electrolysis, a curve (dottea)

Art mrrum aes
is inpa‘.ﬂl'n(FIEare 1 for a specimen of tantelum which was ennealed
in a poor vacuum and which haﬂ#consequently absorbed a certain amount
of oxygen and nitrogen. The transition depicted by this curve, in
contrast to the other curves on Figure 1, is displaced toward a tempera-
ture much lower than the transition temperature of the original tenta-
lum,

It is interesting to note that Hy (Figure 3) changes compara-

tively little as the tantalum is saturated with hydrogen., fThis fact !
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uwlght indicate that the superconductive part in this Pprocesas &g ;ho ;

2Rt A, o i

little islande of tantalum which ere unsaturated by hydrogen., How- ]

ever, for quite strong saturation, this would lead to & large Hk g

L]

(vecause of the rapid breaking up of these little islands) which is ’

actually not observed., It ie also interesting t&at saturation of the
tantalum with hydrogen does not cause extreme ngshomogenoitieo of
the lattice. The latter would also cause a substantial increage of
Hyd
In order to understand the general properties of metals 80 close
in chemical relationship as niobium and tantalum, the opposite influ-
ence of hydrogen on their 8uperconductive properties seems important,
¢t supercondurtion
While the eupeneendwetire tempernture‘A ises toward the region of hydro-
gen temperatures in niobium hydride)in compounds of tantalum with hy-
drogen superconductivity is lost.
The results of these, for the meantime preliminary, studies
, showed that the superconductive properties of tantalum are extremely r. ),
(Viﬂq 52‘:§l¢;i;'to absorbed gases, Webber's conclusion concerning the ‘ ;
8light effect of absorbed gases on the properties of tantalum is %
errpneous.,
A more ddtailed and quantitative study of the influence of hy-
drogen absorbed by tantalum will be made later., -- Submitted 29 July
1948
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